Przytycki and Sokolov proved that a three-manifold admits a semi-free action of the finite cyclic group of order p with a circle as the set of fixed points if and only if M is obtained from the three-sphere by surgery along a strongly p−periodic link L. Moreover, if the quotient three-manifold is an integral homology sphere, then we may assume that L is orbitally separated. This paper studies the behavior of the coefficients of the Conway polynomial of such a link. Namely, we prove that if L is a strongly p-periodic orbitally separated link and p is an odd prime, then the coefficient a 2i (L) is congruent to zero modulo p for all i such that 2i < p − 1.
1 2π/p angle around the z-axis. A p-periodic link is said to be strongly p-periodic if and only if every component of the quotient link L has linking number zero modulo p with the axis of the rotation. The link L is said to be orbitally separated (we write OS for short) if the quotient link is algebraically split. Przytycki and Sokolov [18] proved that a three-manifold is periodic with prime period p if and only if M is obtained from S 3 by surgery along a strongly p−periodic link L. Moreover, It can be easily seen that if the quotient manifold M is an integral homology sphere then we may assume that L is orbitally separated.
Murasugi [16] established a congruence formula for the Alexander polynomial of periodic knots.
Later, different approaches have been used to give alternative proofs to Murasugi's result [2, 7, 10] . In [15] and [19] , similar results have been proved for the multi-variable Alexander polynomial of periodic links.
The Conway polynomial is a renormalization of the Alexander polynomial. If L is a link with n components then the Conway polynomial of L is of the form ∇ L (z) = z n−1 (a 0 (L) + a 2 (L)z 2 +
. . . + a 2m (L)z 2m ), where coefficients a i (L) are integers. We know that the coefficient a 0 (L) depends only on the linking matrix of L. The second coefficient a 2 (L) is related to the CassonWalker-Lescop invariant by the global surgery formula introduced by Lescop [13] . The study of the coefficients of the Conway polynomial is of interest partially because they are Vassiliev invariants of suitable orders.
Let p be an odd prime and let L be an OS strongly p-periodic link. In [5] we proved that the coefficient a 2 (L) is congruent to zero modulo p. Using this fact and Lescop's surgery formula we have been able to prove that the Casson-Walker-Lescop invariant of a periodic three-manifold is equal, modulo p, to the product of the signature of the surgery presentation by the order of the first homology group over 8.
The purpose of this paper is to extend the result proved in [5] Here is an outline of the paper. Section 2 introduces strongly periodic links and discusses the notion of equivariant crossing changes. Section 3 reviews some properties of the Conway polynomial needed in the sequel. Finally, Section 4 is devoted to the proof of the Main Theorem.
2-Strongly periodic links and equivariant crossing changes
In this section, we first define strongly periodic links. Then we introduce some of their properties. We close the section with a list discussing the different types of equivariant crossing changes. 
If L is periodic we will denote the quotient link by L.
The standard example of such a diffeomorphism is given as follows. Let us consider S 3 as the sub-manifold of C 2 defined by
The set of fixed points for ϕ p is the circle ∆ = {(0, L has pα components, where α is the number of components of the quotient link L. These pα components are divided into α orbits with respect to the free action of Z/pZ (condition (i)).
Assume that L = l 1 ∪ . . . ∪ l α , there is a natural cyclic order on each orbit of components of L.
Namely,
where ϕ p (l 
By convention a p-periodic link of type 0 is a strongly p−periodic OS link.
Let L be a p-periodic link in the three-sphere. Let L be the factor link, so here we have
, where π is the canonical surjection corresponding to the action of the rotation on the three-sphere. Let L + , L − and L 0 denote the three links which are identical to L except near one crossing where they are like in Figure 1 . Now, let
and
. We define an equivariant crossing change as a change from L p+ to L p− or viceversa. If this crossing change involves two different components of the quotient link then we call it a mixed equivariant crossing change. Otherwise, it is called a self equivariant crossing change.
1-If we change a crossing between
K i and K ′ i , then L p0 has (♯L + p − 2) components.
2-If we change a crossing between
K i or K ′ i and K j for i = j then L p0 has either (♯L + p − 2) or (♯L − 1) components.
3-If we change a crossing between
K i or K ′ i and a component of L ′ , then L p0 is of type m having (♯L − p) components.
4-If we change a crossing between two components of
components.
5-If we change
components or a periodic link having (♯L + p) components.
Proof. The proof is straightforward by analyzing the linking numbers of the components of L p0 with the axis of the rotation.
3-The Conway polynomial
The Conway polynomial ∇ is an invariant of ambient isotopy of oriented links which can be defined uniquely by the following: 
It is well known that if L is a link with n components then the Conway polynomial of L is of is symmetric and each row adds to zero. Hence, every cofactor of this matrix is the same. We refer the reader to [9] , [11] and [12] , for details about the linking matrix. It follows from this theorem that if L is algebraically split then the first coefficient of the Conway polynomial is zero. Levine [14] proved that the coefficient of z i is null, for all i ≤ 2n − 3, and gave an explicit formula for the coefficient of z 2n−2 .
Proposition 3.2 [14] . If L is algebraically split with n components, then ∇ L (z) is divisible by z 2n−2 .
4-Proof of the Main Theorem
The idea of the proof is to use equivariant crossing changes to reduce strongly periodic OS links to algebraically split links without changing the first coefficients of the Conway polynomial modulo p. We first introduce the following lemma which plays a crucial role in the proof.
Lemma 4.1. Let p be a prime, then we have the following congruence modulo p:
Proof. See [5] .
Remark 4.1. Let k be the number of components of L p+ . Obviously, the link L p− has k components as well. Let s be the number of components of L p0 . According to Lemma 4.1, we have the following congruence modulo p
Proof. We know that L has 2m + pα components. If α > 0 then the number of components of L is greater than or equal to p. Using Levine's theorem we should be able to conclude that a 2i is zero modulo p for all i such that 2i < p − 1.
The idea here is to make equivariant crossing changes until getting a split link, without changing the coefficient a 2i modulo p. We shall focus on equivariant crossing changes involving K 1 and the other components. If we change a crossing between K 1 and K ′ 1 then the link L p0 has 2(m − 1) + p components. However, if we change a crossing between K 1 and K j (resp. K implies that a 2i (L p+ ) is congruent to a 2i (L p− ) modulo p for 2i < p − 1. It can be easily seen that using these crossing changes we can put K 1 over the rest of components of L to get a split link. Since L has the same coefficient a 2i modulo p than a split link, then a 2i (L) is null modulo p for all i such that 2i < p − 1. This ends the proof.
Proof. The coefficient a 0 (L) is computed using the Hoste formula. Recall that L can be written as follows:
It is easy to see that the linking number of any couple of two invariant components of L is null modulo p. Moreover for such a component K we have:
Consequently the linking matrix of L is of the form (here coefficients are considered modulo p).
. . . t 
It is well known that the lines of this linking matrix sum to zero. In addition, the first line and the second line of our matrix are dependent. Hence, all the cofactors of the matrix are null.
This concludes that a 0 is null modulo p. Proof. Assume that for all links L ′′ of type m, we have a 2i−2 (L ′′ ) ≡ 0 modulo p, where 2i < p−1.
Let L be a link of type m − 1. By definition we have
where L ′ is a strongly periodic OS link. We start by proving the following lemma 
Proof. If we change a self-crossing in the quotient link L ′ , then according to Lemma 2.1 the link L p0 is either of type m having (♯L − p + 2) components or a periodic link having (♯L + p)
components. In the second case Remark 4. Proof. The idea of the proof is to use self-crossing changes to split the orbits of our link. The algorithm can be described as follows. We start by changing the crossings of l In the third and the fourth case, Lemma 4.1 implies that a 2i (L p+ ) −a 2i (L p− ) ≡ a 2i (L p0 ) modulo p. Since the link L p0 is of type m − 1 having less components than the original link L, then we can use the induction hypothesis to conclude that a 2i (L p+ ) − a 2i (L p− ) ≡ 0 modulo p.
In conclusion, mixed equivariant crossing changes do not affect the coefficient a 2i modulo p.
Using these changes we should be able to transform our link into an algebraically split link having a 2i null modulo p. This completes the proof of Proposition 4.1.
The rest of the proof of the Main Theorem is a matter of induction. According to Lemma 4.3, a link of type (p − 1)/2 has a 0 null modulo p. Starting from this fact, an easy induction using Proposition 4.1 shows that a link of type zero (which is a strongly periodic OS link) has a 2i null modulo p for all i such that 2i < p − 1. This completes the proof of the Main Theorem.
